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load a& costume on the erergy cost of walkap under vazykg conditione of gzavitational 

work, 

Our seni-amual. progress report dated January 1, 1965, described incomplete atudies, 

cozqrisizc a5wt 90 exxwinents, in which the  re lat ion between gravitational uork and 

detailed studfes, =de up t o  A p Z  I, 1965, on a c a z  young male subject walking at 

three dif%rent s?aeds on a variety of slopes, 

A t  moderate speeds, 73.2 eurd 97,6 maters/- and at  various slopes, the energy ex- 

penditcrra per zximte appears t o  be dependent only on the vertical  l i f t / s tep  multiplied 

by the nm3ez of  steps/iah (bottom 'Ldo lines in Fig. 4). A t  a low speed (48.8 meters/ 

min, st62 r a t e  65/mii?), huever, 'the walk becane clumsy and ungainly for this tall sub- 

ject. 

as co~~pzzed with that at m e  normal gaits ( t o p  line of Tig. 4 compared with bottom 

lines) r s , l e c t s  the abrmxcgl, charac ts  of the gait, 

The relatively high energy expenditme for a given v e r t i c a l  lift a t  t h i s  speed, 
I 

This i s  a most interesting result 

of our study, and leads to the second uiajor research investigation conteaplated for 

Fp 1966, namely, the effects of load and costume on the energy cost of locomtion, 

In connection with the above study, an analysis as outlined i n  the paragzaphs 

below and in Figs. 5-8 is a part of the wesent investigation. 

The t o t a l  mwgy o f  the trunk, Z%, is tha s m  of potential energy, P.E., and kinetic 

mer-gy, X.%. 

trunk; LE., froa the neasmed speds o f  tae center of mass i n  the horizontal and vert ical  

POX. i s  calculated on the basis of the height of the center of mass of the 

d ir e c t  ions . 
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As in pev ious  wwk, a vertical. st;7* attached naa t'ne center cjf a s s  passes 
4 

t:zoixgh 8 ~cz3sC~;cez, ~rhich  yields a contbr;ou.s recaUd of the iiistmtaneous vertical  

Z; the middle curve gives X. The lowest cmve represents the recolrd obtained w i t h  use 

of a acceleroretsr st&b.chod t o  the cight toe. i-om this curve it i s  possible to ob- 

tain the t k s s  of heel, contact and of toe-off. 

t e r v a l s  of 0.01 sec. 

The vartical  time l ines  indicate in- 

L s k a ~ ~ s o i a s  vd.czs of the slope of t t ia X cizve yield the values of W d t  = vx, 

which is the LnstfLlltansous value of tiie speed relative t o  a point moving w i t h  "&e 

trea6aZ.l. 

able horizontal coaponenti of &&e speed of "&e center of mss. 

Addition of Tx, the constant speed of the treadmill, yields V,, the vari- 

In a similaF way, curve 2 fields the instantaneous values of Z, dZ/d t  = vz, and Vz. 

4 
Fig. 6 shows the values of il, Z, v X J  a d  vZ for a time interval spanning step 4. 

The (intezsecting) t o p  two cmves show values of X and Z, respectively. 

a d  minir;a are  labeled NX, XZ, dJ and nL3, respectively, 

The maxima 

The pair of  Intersecting curves in the lover p.rt of Fig. 6 show the instantaneous 

speeds vx and vZ. 

of the figure. 

The nieaning of the prefixes M and m is the m e  as in the upper part 

The upper part of Fig. 7 shows the instantaneous a c e s 3  over, or defiaiency under, 

the X.X. associated with a c o n s k t  spa& of 162.8 cn/sec. 

The P.E. curve in the lower part of Fig. 7 shows the potential energy in ergs/gm, 

The plotted mapitude includes an arbitzary constant, the value of which depends upon 

the choice ol" x e o  p o t e a t i d  level  (eeg., t ae  floor of the treadmiJ1, the lowest posi- 

I t ion of  the centtx of mass, the mean pasition of the center of  ~ 3 ~ s ) .  

I The E t  cwve i n  Fig. 7 shows the t o t a l  ensrgy (sum of K.S. and P.B. and of a 
, 
8 second arbitrary constant) . 
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SLOPE WALKING GV TY€ TREA3r;tlCt 
The effects of varied amounts 0 ;  irovitotionol work on the 

Normal young aduit male, walking at spwds of 48.8.73.2 

. 
energy cost of walking. 

and 97.6 meterslminute, and at slopes of -Go to +4*. 

b ,  f IG. I. 48.8 METERS/MINUTE 
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V N E R G Y  EXPENDITURE 
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VERTICAL LIFT: METERSIMINUTE 

FIG. 3. 97.6 METERS/MINUTE 
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FIG. 2. 73.2 METERSIMINUTE 

ENERGY EXPENDITURE 
IN QUIET STANMNG 
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FIG. 4. SUMMARY Of FIGURES 1-3 - 
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